Introduction
============

Working at height has always been considered as one of the most dangerous industrial activities. According to the database of the Iranian Ministry of Labor, and Social Welfare, 3933 out of 10583 work-related accidents registered in 2012 were related to falls. These accidents led to the loss of 3257844 working days.^[@B1]^ Therefore it would be important to find the cause of these accidents and clarify effective factors on unsafe behaviors or acts, in order to conduct effective safety control measures.^[@B2]^ Despite the fact that there are not any official statistics of occupational accidents among Iranian telecommunication tower climbers, the Iranian Ministry of Energy reported that 130 tower climbers died and 900 were injured in the recent years.^[@B3]^

The concept of work ability index (WAI) is defined by Finnish Institute of Occupational Health (FIOH) as the worker\'s ability to work according to work requirements, health situation, and mental-thinking capabilities.^[@B4]^ The WAI reflects interactions between physical and mental abilities (individual characteristics), working conditions, employee performance capabilities, employees\' health status and individual assessment of position in the organization and community (social characteristics).^[@B5],[@B6]^ Occupational accidents were found to be the predictors of WAI. ^[@B7]^

The WAI is directly connected with workers\' individual, physiological, mental and intellectual features and can significantly help employers to predict whether the applicant has the ability to work now and in the immediate future.^[@B8],[@B9]^ The International Labor Organization (ILO) has reported the imposed work-related stress costs countries from 1 to 3.5 percent of GDP^[@B10]^ and introduced it as the better known phenomenon which threatens workers\' health.

According to the World Health Organization (WHO), more than a half of employees in industrial countries are suffering from work-related stress.^[@B11]^ Occupational Stress is considered as the second prevailing problem after pain.^[@B12],[@B13]^ There is a significant negative relationship between work-related stress and job performance.^[@B14]^ Nowadays, workplaces are strong stimulants for creation of excitement and there are stressful situations which could cause problems such as dissatisfaction, employee absenteeism, decreased efficiency, and job turnover.^[@B15]^ Workers\' suitability for work relates to their knowledge, skills, and physical and mental abilities that is significantly important for preventing occupational accidents. Considering these factors is necessary in occupational health and safety management standards.^[@B16]^

A literature search on studies conducted in Iran, showed that there was no study on work ability and job stress among Iranian tower climbers. However, it is essential to pay attention to this issue and the events which could happen to them.

This study aims to investigate the relation between WAI and some socio-demographic variables and work-related stress, in order to evaluate the physical and mental fitness of Iranian telecom tower climbers.

Methods
=======

This was a cross-sectional study. It is conducted among employees of a contracting company which worked in the field of telecommunication tower installation in Iran during 2016. Sixty out of 93 workers voluntarily participated in this study. The data collection tools included three questionnaires; including the Persian version of the WAI, the Persian version of the Health and Safety Executive (HSE) Stress Indicator Tool and an author-developed measure to assess socio-demographic characteristics.

**Work ability index (WAI)**

This index has 7 dimensions including: current work ability compared with the workers best lifetime working period, work ability according to the physical and mental nature of the job, number of current diagnosed diseases by a physician, personal thoughts about work incapability due to disease, sick leave during the past 12 months, personal prediction of work ability during the next two years and estimates about mental problems and harms related to disease.

The validity and reliability of the WAI questionnaire was determined in an Iranian study by Abdolalizadeh et al. and had a Cronbach\'s alpha coefficient equal to 0.79.^[@B17]^

The high reliability and validity of the WAI questionnaire and its application was approved in other studies.^[@B18]^ Based on the WAI questionnaire, the final score of an every worker varies from 7 to 49 and is calculated by the sum of scores for each question. Work ability index is classified into four groups which are weak (7-27), medium (28-36), good (37-43) and excellent (44-49).^[@B19]^

**Socio-demographic data**

The variables questioned in this study were job title, age (the total years of life from birth year), educational level (the last educational degree), marital status (person\'s state of being single, married, divorced, or widowed), sleep per day (the total hours of sleeping in a day), second job (second job condition) and job tenure (the total years of work). Exercise habit was divided into two classes; yes and no. Yes meant that they had a minimum habit of doing exercise, in which they sweat lightly for over 30 minutes each time, twice weekly, and for over a year.^[@B20],[@B21]^ In order to calculate Body Mass Index (BMI) the weight of workers was measured with minimum clothing and no shoes using a digital scale and their height was measured using a measuring tape in straight standing position without shoes.

**HSE indicator tool**

This tool is used to survey work-related stress. It has been used in several studies.^[@B5],[@B22]-[@B24]^ According to research by Cousins et al, the reliability coefficient of the HSE questionnaire is 0.7, and the Cronbach\'s alpha coefficient of subscales (dimensions) of this tool is from 0.63 to 0.83.^[@B25]^ The results of a study by Marzabadi and Gholami Fesharaki confirmed the validity and reliability of the Persian version of the HSE Stress indicator.^[@B26]^ There are 35 questions in this tool with 7 criteria including demand (8 items), control (6 items), managerial support (5 items), peer support (4 questions items), relationships (4 items), role (5 items) and change (3 items).

The items of the HSE questionnaire include a 5-point Likert Scale (never, rarely, sometimes, often and always). The score of each question range from 1 to 5, under which 1 indicates undesirable, and 5 refers to desirable state.

**Data gathering**

The subjects were first classified into 4-5 groups in order to collected data. Informed consent was obtained from all participants. Privacy and confidential issues were considered throughout the study. The study excluded those respondents who were not interested in being involved in the survey. Research objectives were explained for research groups before response to questionnaires, and then questionnaires were distributed among them. The study was approved by the ethics committee of Shahroud University of Medical Sciences, Iran (Ethics Code: 9524).

**Statistical analysis**

Statistical descriptive methods were used to indicate the characteristics of the research population.

Independent t-tests and univariate analyses of variance (ANOVAs) were used to assess the effects of socio-demographic variables on the WAI score. Finally, to predict the WAI score from the work-related stress dimensions of the HSE questionnaire, we used a linear multiple regression analysis. All analyses were done at the significance level of 0.05 by the help of SPSS 19 software (IBM Corp., Armonk, NY, USA).

Results
=======

A total of 60 of the 93 workers participated in the study. The number of tower climbers was 48 (80%) and the number of tower climbing supervisors was 12 (20%). The mean ± SD age, BMI, job tenure and sleep per day (hours) were 38.91±9.83 years, 24.92±2.49 Kg/m^2^, 8.63±7.44 years and 6.62±1.17 hours, respectively. 40 precent of participants had academic degrees, 33.3% had a high (secondary) school diploma, and 26.7% were elementary. Descriptive statistics of socio-demographic variables and their relation with the WAI are shown in [Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### Means, SDs and correlation between the quantitative demographic variables and WAI among the studied subjects (n= 60).

  ----------------------- -------------- ------- ---------
  Variables               Mean ± SD      r\*     P-value
  Age (years)             38.91 ± 9.83   0.458   \<0.001
  Job tenure (years)      8.63 ± 7.44    0.500   \<0.001
  Sleep per day (hours)   6.62 ± 1.17    0.514   \<0.001
  BMI (kg/m2)             24.9 ± 2.5     0.072   \<0.001
  ----------------------- -------------- ------- ---------

\* Pearson's correlation coefficient

###### Means, SDs and correlation between the qualitative demographic variables and WAI among the studied subjects (n= 60).

  ----------------------- --------------------- ----------- --------------- ---------
  Variables                                     N (%)       Mean WAI ± SD   P-value
  **Job title**                                                             
                          Worker                48 (80)     27.08 ±10.28    \<0.001
                          Supervisor            12(20)      37.54 ± 4.91    
  **Educational Level**                                                     
                          Elementary            16 (26.7)   22.96 (7.77)    
                          High school diploma   20 (33.3)   24.42 (9.09)    \<0.001
                          Associate degree      12 (20)     36.54 (8.77)    
                          Bachelor and above    12 (20)     38.0 (5.29)     
  **Marital status**                                                        
                          Single                8 (13.3)    31.12 (10.32)   0.691
                          Married               49 (81.7)   29.56 (10.27)   
  **Regular exercise**                                                      
                          Yes                   22 (36.6)   35.65 (8.82)    0.023
                          No                    38 (63.3)   24.64 (9.23)    
  **Second job**                                                            
                          Yes                   27 (45)     22.39 (8.20)    \<0.001
                          No                    33 (55)     34.42 (8.19)    
  ----------------------- --------------------- ----------- --------------- ---------

According to results of ANOVA and t-test, there is a significant relationship between educational level, regular exercises, and second job status with the mean WAI score.

Distribution frequency of classified WAI groups are shown in [Figure 1](#F1){ref-type="fig"}.

![Distribution frequency of WAI groups.](jivr-10-105-g001){#F1}

The mean ± SD WAI score was 29.17 ± 10.33. It was 27.08 ± 10.28 in tower climbers, and 37.54 ± 4.91 in tower climbing supervisors. Also, the minimum and maximum scores were 13 and 47 in these groups.

According to another finding of this research, a second job is among factors which reduce the WAI among tower climbers so that 36.67% of employees with second jobs were classified into the weak group in terms of work ability. Statistical Pearson correlation coefficient (r) test was used to determine the effect of all seven indices on the total WAI score. According to results, the maximum direct effect belongs to the first dimension (current work ability compared with the best lifetime working period) (P \<0.001, r=0.892) and the minimum direct effect belongs to the fifth dimension (sick leave during the past 12 months) (P \<0.001, r=0.700).

The mean final score of HSE work-related stress was 3.08±1.80. According to results of the Pearson correlation test, there was a significant correlation between work-related stress with WAI (P\<0.001, r=0.686).

The mean ± SD scores of the dimensions of HSE work related stress were as follows: demand (3.20 ± 1.27), control (2.91 ± 0.93), managerial support (2.92 ± 0.99), peer support (3.38 ± 1.74), relationships (2.80 ± 1.11), role (3.28 ± 1.15), and changes (3.10 ± 1.05). The results of linear regression are presented in [Table 3](#T3){ref-type="table"}.

###### The results of multivariate linear regression analysis for work-related stress dimensions predicting the WAI score (n = 60).

  ------------------- ------- ------- ------ ---------
  Variables           B       SE      β      P-value
  Control dimension   2.36    1.175   0.21   0.049
  Changes dimension   3.94    1.04    0.40   \<0.001
  R2                  0.707                  
  Adjusted R2         0.674                  
  ------------------- ------- ------- ------ ---------

\* Adjusted results based on confounding variables including age, BMI, educational level, job tenure, second job status, hours of sleep per day, job title and regular exercise.

The results showed that after adjusting for demographic variables including age, BMI, educational level, job tenure, second job status, hours of sleep per day, job title and regular exercise; only two dimensions of work-related stress including control and changes were significant predictors of the WAI score. These variables explained 67% of the total variance (adjusted R2) of the WAI score.

Discussion
==========

The mean score of WAI for employees, who worked in the tower climbing industry were 29.17±10.33 which is in the lowest mean class. However, different studies reported WAI mean scores of 40.3±5.2 for medical staff of a teaching hospital in Tehran,^[@B27]^ 36.8 for bus drivers,^[@B28]^ 36.46±6.44 for fruit and vegetable booth workers,^[@B29]^ 38.37±5.80 for cement industry employees,^[@B30]^ 39.95± 6.1 for Iranian employees from different work sectors,^[@B31]^ 42.2±3.4 for physicians,^[@B32]^ 36.8 for bus driver, ^[@B33]^ and 40.9 for metal industry employees in the Netherlands, ^[@B34]^ and 40.7 for metal industry employees in Finland. ^[@B35]^ Furthermore, the mean WAI was 40.9 among construction workers in the Netherlands, 39 in police officers in Finland, and 40.6 in Belgian fire fighters. ^[@B36]^ Obviously, the mean scores of WAI were lower in tower climbers than the above-mentioned jobs. Low control and high physical demand over tasks, risky and time-consuming jobs can be the reasons for low mean WAI among various workers\' communities.^[@B37]^ Difference in tower climbing supervisors\' job nature with executive and operational affairs and also supervisors\' higher educational levels were among the reasons for the difference between WAI in tower climbing supervisors (37.54) and tower climbers (27.08).

In this study, there was a significant relationship between age and the mean score of WAI that is consistent with the results of Guidi et al.^[@B38]^, Pouyakian et al. ^[@B29]^ and Mokarami et al., ^[@B7]^ but inconsistent with Hajizadeh et al.'s results. ^[@B30]^ Previous studies^[@B39]^ have found that the ability of individuals will diminish after age 40, which is consistent with the results of this study where the average age of people is under 40 and the work ability index is independent of age.

In this research, the significant direct relationship between educational level and WAI and a unit increase in educational level will lead to increase in WAI . For instance, 41.66% of workers with educational level of elementary and diploma were in the weak group, but only 3.33% of workers with academic degrees were in low levels of the index, and this indicates the role of educational in increasing work ability. This is consistent with research done by Eyvazlou et al.^[@B40]^, but is inconsistent with results from Pouyakian et al. ^[@B29]^ Academic education will probably increase individual skills for improving job quality and safety.

The results indicated that the work ability increased with increasing job tenure that is in line with finding of Eyvazlou et al.^[@B40]^ However, it is inconsistent with finding of Pouyakian et al. ^[@B29]^ Mehrdad et al.^[@B27]^ and Sormunen et al.^[@B41]^ A suitable job should be based on individual knowledge, skill, experience, interest, characteristics and ability. Therefore it is essential to choose applicants correctly in order to achieve a high level of safety and productivity.

Lifestyle-related factors including the hours of sleep per day and regular exercise, which are studied in this research, have a significant direct relationship with WAI. There is a positive correlation between sport and physical activity with WAI in studies by Sampaio et al.^[@B28]^, Kumashiro et al. ^[@B34]^, Nachiappan et al. ^[@B42]^ Regular exercise is an important part of a healthy lifestyle and helps to create and strengthen physical and mental health which improves individual work ability.

We found a significant relationship between WAI and length of sleep, as one of the predictors of WAI, which is consistent with results reported by other researchers.^[@B43],[@B44]^ Mokarami et al. described sleep quality is an important predictor for worker's health and quality of life. ^[@B45],[@B46]^

In this study, having a second job has a significant role in reducing work ability, so that among all studied groups and elements, the lowest mean score of WAI belonged to employees who had second jobs (WAI= 22.39). Lack of attention to physical conditions of the workplace, lack of physical safety, lack of total compensation of the current job and lack of job satisfaction are among the major factors pushing tower climbers to have second jobs.^[@B47]^ According to Iranian labor laws, every worker should work 8 hours per day. Having a second job can lead to low safety and job quality and can finally affect the health and work ability of workers.

From the above mentioned results, it can be concluded that WAI among tower climbers is significantly related to workers\' life condition and quality; and the prominent parameters are length of sleep, exercise habits, second job status, work experience and educational level.

According to the results work-related stress and work ability index are correlated and increased occupational stress will reduce individual work ability, which is line with research done by Li et al.^[@B48]^, Karasek et al. ^[@B49]^, Martinez et al. ^[@B50]^ and Gharibi et al. ^[@B5]^

The results of regression modeling showed that "changes" was one of the negatively predicting factors of WAI. This variable is related to establishing changes in the workplace and workers \' knowledge about these changes. Misunderstanding of the quality/quantity of changes and their subsequent effects on the job and workplace can lead to stress in workers.^[@B51]^ The results of other studies indicate that if the worker is unprepared for changes (work environment and work resources) and he is not given enough knowledge before applying these changes, such changes can cause occupational stress.^[@B52]-[@B54]^ In accordance with Hackman and Oldham's job characteristics model, feedback and autonomy are two main dimensions that should be considered in every job design. Without these dimensions, psychological problems such as decreasing job satisfaction, increasing work absence and job turnover might be observed. ^[@B55]^ Therefore, organizational managers need to inform their workers about changes and the results/effects of these changes especially those which have a direct impact on their jobs.

According to this research, the subscale of control was another work-related stress predictor for WAI; and this is in line with the results obtained by other researchers.^[@B38]^ Lack of control over job activities such as ability to rest at a desired time, work pace, and self-time management had a negative impact on the WAI. ^[@B9],[@B38]^ According to Karasek et al., jobs with high demand and low control are highly stressful jobs and cause stress and disease.^[@B49]^ Lee and Wang investigated job stress and its relevant factors in nurses and reported that nurses\' workload and higher responsibility were the main sources of their job stress.^[@B55]^

The small population and using self-reporting tools were the main limitations of this study. This research is the first study in the field of health and safety of tower climbers in Iran. It is necessary to carry out more extensive research studies in order to improve their health and safety.

Conclusions
===========

This study demonstrated associations between WAI and lack of exercise, poor sleep quality, poor job control and poor involvement in organization changes. So, intervention programs should focus on promoting level of job control, sleep quality and exercise. Additionally, implementing a comprehensive macroergonomics and participatory program for increase involvement the workers in organization changes should be considered.
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